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Abstract 
Amvic building from Bragadiru Ilfov is the first passive office building Romania. This building is the basis of a 
practical study, to measure the parameters of comfort that ensure an excellent indoor climate. Constantly monitoring 
of the comfort parameters and the installations using energy from renewable sources saver is a scientific research 
data-base in the climatic conditions of Romania. Since 2008, the results of monitoring data are stored, analyzed and 
interpreted. This paper presents the characteristics of the solar installation and the ground heat exchanger and present 
the results of monitoring parameters of comfort. Their permanent study is the base for the improvement project that 
will leaves the building in zero energy building standard and then in plus energy standard. This will reduce the carbon 
footprint for this building and will be a real example to follow by other investors 
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Nomenclature 
GHE ground heat exchanger  
AI  fresh air intake 
A entrance to the ventilation unit 
PH          passive house 
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1. Introduction  
A passive house is a cost-efficient building that can manage throughout the heating period, due 
to its specific construction design, with more than ten times less heat energy than the same building 
designed to standards presently applicable across Europe. The first Romanian passive office building – 
AMVIC - is located in Bragadiru, at about 10 km south of Bucharest city center. The AMVIC building 
has 5 floors and the total floor surface area of the building is 2086 m2 and was opened in February 2009 
[1]. AMVIC building meet the two basic criteria for a passive building: 15 kwh/(m2/year) for annual 
heating demand and 120 kwh/(m2/year) for total primary energy consumption [2],[3]. 
Ground heat exchangers represent simple systems which are used for energy saving in buildings 
equipped with an active ventilation system [4]. Fresh air is first passed through pipes buried in the 
ground. In this way fresh air is preheated in winter and pre-cooled in summer. This paper presents the 
solar installation and the ground heat exchanger from AMVIC passive office building, showing also some 
monitoring results. The data collection system is described below, containing diagrams, principles and 
operating mode. Some results and variations in measurement and operating parameters are presented. 
2. Literature survey 
Taking advantage of renewable energy, the energy consumption required by a building can be 
reduced [5]. PH are buildings with a high level of comfort achieved in winter and summer without a 
separate heating or air-conditioning system - the PH ‘heats’ and ‘cools’ itself purely ‘passively’[6], [7]. 
In present we can say that there is a tendency for the PH concept in Eastern Europe. The first PH 
in Romania has been built in 2004 in Burlusi village, Valcea county (http://www.passiv.ro) and a second 
Romanian PH has been built in 2009 [8]. 
The climate of South-Eastern Europe differs from Germany’s climate [9]. Also, when migrating 
from Germany to South Eastern Europe, the performance of PHs changes [10], [11]. For example, one of 
the phenomena which are often reported in Romania but less frequently in Germany is overheating during 
summer [8]. 
3. Research Methods  
3.1. The ground heat exchanger’s components 
The system is composed of eight polypropylene tubes placed horizontally and connected to a 
distributor and a collector (Fig 1a). The materials purchased from REHAU. 
         
a)                                                                      b) 
Figure 1: a) CAD model of the ground heat exchanger; b) Location of the GHE (under an orchard); 
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There is also a condensate collection place (not shown on Fig 1). The installation has a slight 
inclination to this condensate collection place to collect the resulting water from condensation. 
Polypropylene tubes contain silver particles embedded, to ensure hygiene of the air that enters in the 
ventilation controlled installation with energy recovery. Burial depth is 3.5 m, when the soil temperature 
can be considered stable and also there is a more efficient exchange of energy in all seasons.   
The 8 pipes have a length of 5 m, 0.2m inner diameter and outer diameter of 0.214m [13]. The 
pipes are made of  polypropylene PP SN10/SN16 RAUSITO. Both distributor and collector are 
31m long, 0.4 m inner diameter (the same as air intake – Fig 1b) and 0.429m  outer diameter [13]. Heat 
transfer area is 103m2 [13]. 
3.2. System operation 
Once collected, fresh air is introduced through the heat exchanger pipes. Here, in the winter, the 
air is preheated from an outdoor temperature of -15 ... - 20 °C to a temperature of -5 ... -10 ° C. Then, air 
from heat exchanger reaches the fan (A - Fig 2a) and the fresh air is preheated using the heat recovery 
from the exhausted air. This process is made by a heat recovery. In the heat recovery the fresh air takes 
about 70 to 75% energy from the exhausted air. Finally, to have the inside temperature which the user 
wants, the pre-heated air is more heated by the heat exchanger which uses hot water from the heat pump.  
       
a)                                                                                         b) 
 
Figure 2: a) The airflow (GHE – ventilation unit – fan – living space); b) MS5 monitoring system 
architecture  
  
The ground heat exchanger also performs a pre-cooling of fresh air in summer for about 6 °C [1]. Then, 
the air from heat exchanger reaches the entrance to the ventilation unit (A - Fig 2a). Inside the ventilation 
unit the air is cooled with a heat pump. Finally, the air is distributed in the living space. The GHE acts as 
a buffer between the air temperature outside the building and indoor temperature [14].  
3.3. Description of monitoring system and data collection 
The monitoring system used in Amvic passive building is a MS5 universal product made by 
Comet [15] and includes several types of sensors placed in different places on the installation (Fig 2 a and 
b).  
The sensors are measuring air temperature, air pressure and air velocity and are placed on the air 
inlet and air outlet. A datalogger (Fig 2b) takes a certain time signals generated by sensors and is used for 
recording data received from sensors [15]. Anytime the data can be downloaded on a computer via USB, 
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RS232, RS485, Ethernet or GSM modem. Datalogger is connected via the internal building network to a 
server that uses specialized software and creates data files.  
Figure 2 (a and b) is showing the distribution of the installation’s sensors: the sensor for outside 
air temperature “TT-ext” and sensor for air temperature before ventilation unit “TT1” are on datalogger 2. 
The sensor for air barometric pressure “PT-ext”, sensor for air pressure on input before ventilation unit 
“PT1”, sensor for air velocity on the outlet of the ventilation unit “WT1” are on datalogger 3. 
3.4. Active solar energy system 
 
The integrated active solar energy system from this building is used to prepare hot water intended for 
consumption at the residential 5th floor and also for the offices areas when necessary. The main 
components of the active solar energy system are: the solar vacuum collectors, the circulation pumps and 
two storage insulated tanks. In Fig 3 we can see a picture with the AMVIC building where we can 
observe the solar vacuum collectors and the solar radiation sensor. Technical room of solar installation is 
located on the 5th floor of the AMVIC building. It has dimensions of 7.1 m (length) by 1.56 m (width) 
[16],[17].  
 
 
Figure 3: a) The AMVIC office building – main facade in south-east orientation, b) solar radiation sensor 
(placed 1 meter above building’s roof): SC - solar vacuum collectors, SRS – solar radiation sensor 
 
In Fig 4 we can see a scheme where we can observe: all the components of the system, the automation 
system integrated in the active solar energy system, the solar radiation sensor and the measurement 
system. In addition to these main components, the solar installation has also secondary components such 
as: expansion vessels and valves.  
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Figure 4: General scheme representing: all the components of the solar system, automation system (red) 
integrated in the active solar energy system, solar radiation sensor and measurement system (green). For 
understanding acronyms please read Table 1 
 
Table 1: Components of the system and acronyms 
 
Components (Acronyms) 
solar vacuum collectors (SC) 
storage tanks  (ST1, ST2) 
circulation pump (CP1, CP2) 
controller (DC22)  
electrical resistance (ER) 
expansion vessel (EV1, EV2, EV3) 
valve (V1, V2, V3, V4, V5, V6, V7, V8) 
automatic air vent (AAV1, AAV2) 
adjustable valve (AV1, AV2) 
flow meter for the glycolate water (FGW) 
tapes of users (DHW1,DHW2,…,DHW10) 
solar radiation sensor (SRS) 
data logger (DT3) 
channel 16 (CH16) 
thermometer for the glycolate water (TGW1,2) 
thermometer for water from storage tank (TWST) 
thermometer solar collector (STCS) 
 
Next we present the main components that form this system. 
 
3.4.1. Solar vacuum collectors 
 System has integrated 10 flat-plate vacuum collectors, with flanged connections. A solar collector 
consists of a compact pressed metal casing to which a safety solar glass that it is attached by a frame of 
noncorrosive aluminum profiles. The absorber, made of a specially shaped Al – Mg metal sheet with 
high-selective conversion layer, spans the copper pipe meander [17].  In table 2 we can see other 
characteristics of solar vacuum collectors. 
 
Table 2: Characteristics of a solar vacuum collector [17] 
Specific characteristics of a solar collector 
gross surface area 2.03 m2 
absorbing surface area 1.75 m2 
linkage size 1040x2040 mm 
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 Glass cover thickness 4 mm  
 
 
   3.4.2. Storage tanks 
 In the solar installation are integrated two storage tanks: one of 500 L and another of 300 L 
provided both with double coils. These tanks are insulated with aluminum coated polyurethane hard foam 
[18]. Fig 5 shows the two storage tanks. The double coils for each tank are connected to enlarge transfer 
surface.  
  
 
Figure 5: The storage tanks 
 
The storage tank of 500 L is provided with an electrical resistance of 2 kW. The storage tank of 300 L 
was added because of the surplus of hot water which occurs during summer and it is opened manually in 
this season. This is used when the solar installation, caused by the bad weather, cannot produce the hot 
water at the required temperature– for example when it happens to be more than 3 days of cloudy sky, it’s 
raining or it’s snowing more than 3 days, generally, when solar radiation is missing and cannot be 
captured for a period. In table 3 we can observe the geometrical characteristics of these two tanks. 
 
Table 3: The dimensional characteristics of the storage tanks [18] 
 Storage Tank of 300 L Storage Tank of 500 L 
Nominal Capacity 300 L 500 L 
Actual Volume 287 L 481 L 
Weight 143 205 
Height 1.450 mm 1.710 mm 
External Diameter 660 mm 760 mm 
 
 
 3.4.3. Circulation Pumps 
The active solar energy system has as components two circulation pumps, one placed on the circuit 
storage tanks - users and another placed on the circuit solar vacuum collectors - double coils of the two 
storage tanks. Both pumps were bought from the company Grundfos [19]. These pumps are provided with 
a speed regulator with three levels. This allows to setting up the fluid velocity. In fig 6 we can observe a 
general view of the circulation pump placed on the solar vacuum collector circuit - double coils of the two 
storage tanks. 
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Figure 6: General view of the circulation pump (CP1) placed on the circuit solar vacuum collectors - 
double coils of the two storage tanks 
 
3.4.4. Automation system integrated in the active solar energy system 
 The automation system compares the output temperature of solar vacuum collectors (SC) with water 
temperature from the storage tank of 500 L (ST1). This is done with a controller (manufactured by 
company Thermo Solar, model DC22) [17]. In fig 4 we can see with red color the automation system.  If 
output temperature is lower than the water temperature in ST1, this controller sends a stop signal to the 
circulation pump CP1 and if the output temperature of SC is higher than the water temperature from ST1, 
CP1 restarts. Fig 7 represents a picture of this controller. 
 
 
Figure 7: DC22- the controller 
 
3.4.5. Solar radiation sensor and measurement system 
 The solar radiation sensor (placed 1 meter above building’s roof, in fig.1we can see the sensor) is 
actually a pyranometer, manufactured by company Environdata Environmental Monitoring and 
Management from Australia [20]. It has been designed for recording sunshine as well as total incident 
solar energy. This sensor is connected to channel 16 of DT3. 
 Cosine correction is achieved by shaping a teflon diffuser and accurately housing this inside an opaque 
cylinder. A silicon photovoltaic cell is mounted inside the diffuser. This combination provides a 
standardized reading equivalent to radiation falling on a non-reflective, flat surface. The measurement 
system in fig.2 is represented by green color. Data emitted by the sensor are transmitted to a data logger 
(the measurement system for all installations of AMVIC building includes three data loggers, in our case 
is discussed data logger 3 - DT3) where it can be downloaded to the computer with a software called MS 
Plus (Measuring System Plus) [15].  
 
4. Results  
Some results and variations in measurement and operating parameters of the ground heat exchanger 
are presented as an example. The measurements are provided by the ”TT-ext” and ”TT1” sensors. 
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Figure 8: Comparison between GHE inlet air temperature and GHE outlet air temperature; measurements 
were made in 26.07.2011 
 
As results from figure 8, the GHE outlet air temperature is always lower than outdoor air temperature. 
Maximum outdoor air temperature was 31.63°C at 15:57:22, while the maximum GHE outlet air 
temperature was 22.58°C at 16:36:15. Minimum outdoor air temperature in that day was 19.48°C at 
06:02:43, while the minimum GHE outlet air temperature was 19.20°C at 07:05:52. Minimum 
outdoor outlet temperature and minimum temperatures were not recorded at the same time. GHE allows 
for maximum cooling of 9.25°C at 15:57:22. There is a phase correlation between inlet air temperature 
and the outlet air temperature. It is clearly seen that the GHE is useful because it acts like a cooler, even 
during the night. As the outside temperature is higher so its effectiveness increases, as expected. Similar 
measurements were also presented in [13] and [14]. A similar cooling effect has been observed, in respect 
to the present results. 
In the following we present graphically the raw data (fig 9a) from the radiation sensor and 
results of solar global irradiance from this data (fig 9b). 
 
 
Figure 9: a) The raw data measured by the radiation sensor: 04 - April – 2012, b) Results of solar global 
irradiance: 04 – April - 2012  
In order to calculate the solar global irradiance, it is taken into account that: 1 impulse = 200 
Joules. It can be seen from both graphs that at night, the sensor does not record impulses. Thus, the last 
measured value at sunset remains constant during the night (fig 9a). The sensor starts the impulse 
recordings at sunrise. 
5. Discussion  
This building uses energy from renewable sources with appropriate equipment such as ground heat 
exchanger, solar vacuum panels and geothermal heat pump. Also, the paper describes the data collection 
system with diagrams, principles and operating mode. Some results and graphics were shown as an 
example. 
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6. Conclusions 
The paper presents the ground heat exchanger from AMVIC passive office building and a 
description of the active solar energy system (includes presentation of the main components, such as solar 
vacuum collectors and storage tanks). Also we present some specific information about this solar system 
like: automation system integrated in the active solar energy system, solar radiation sensor and 
measurement system. Also, the paper describes the data collection system with diagrams, principles and 
operating mode. This work shows examples of measured quantities, with some presentations of evolution 
in time of measurement, as graphics. The ground heat exchanger – Awaduct system from Rehau is an 
energy efficient system for AMVIC passive building. More results about monitoring and performance 
will be detailed in a following paper. The novelty of this paper is that the first office passive building 
from Romania is monitored. 
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